INTRODUCTION
============

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide. The mainstay of treatment for HCC has been hepatic resection of curative intent. A considerable proportion of the patients present with advanced large HCC lesions at the time of the initial diagnosis. For patients with HCC larger than 10 cm in diameter, the outcomes of non-surgical treatment are known to be very poor,[@B1] but patients who have had resection show prolonged survival.[@B1]-[@B10] Thus if the hepatic functional reserve permits, hepatic resection is regarded as the treatment of choice for large HCC.

However, in patients with large HCC, tumor recurrence is very common after hepatic resection, thus close surveillance is an essential part of the treatment. HCC has various treatment modalities which can be applicable to recurrent lesions such as repeat resection, transarterial chemoembolization (TACE), radio-frequency ablation (RFA) and others. We reported that independent risk factors for HCC recurrence were resection margin less than 1 cm and macrovascular invasion.[@B1] Recently, one Korean study reported that the statistically significant factors that predicted HCC recurrence after large HCC resection were alkaline phosphatase (ALP) ≥80 IU/ml and intrahepatic metastases.[@B2] Since ALP is included in routine biochemical studies, we thought it worthwhile to validate its clinical significance. It was also considered worthy to assess the actual incidence of early intrahepatic metastasis.

To validate the significance of the preoperative ALP level and early intrahepatic metastasis, the clinical data of a consecutive 100 patients who underwent resection of HCC that was ≥10 cm and received protocol transarterial chemoinfusion (TACI) at 1 month were retrospectively reviewed.

METHODS
=======

Since this study was focused on the role of ALP and its potential correlation with early intrahepatic metastasis, we set the eligibility criteria as follows: resection of HCC lesions larger than 10 cm in the longest diameter; no perioperative mortality; no evidence of bile duct tumor thrombus; and the performance of the protocol TACI at 1 month. The reason why the 1-month protocol TACI was included was that it is the most sensitive test to detect intrahepatic metastasis and it can be concurrently used as an effective treatment modality for recurrent lesions.

All patients were actively followed up with serum tumor markers (alpha-fetoprotein \[AFP\] and proteins induced by vitamin K absence or antagonist-II \[PIVKA-II\]), dynamic liver computed tomography (CT), liver ultrasonography and chest x-ray every one or two months, especially during the first 2 years. For suspected recurrence, all available diagnostic modalities including hepatic angiography, magnetic resonance imaging, high-resolution chest CT and positron emission tomography-CT were performed. We tried to treat the recurrent HCC lesion as vigorously as we could.

All numeric data were reported as the mean and standard deviation, and as the median and range. The continuous variables were compared by using Student\'s t-test. Survival curves were estimated by the Kaplan-Meier method and compared using the log-rank test. Differences of *p*\<0.05 were considered statistically significant.

RESULTS
=======

Patient demographics and tumor characteristics
----------------------------------------------

The clinicopathologic features and surgical treatments of these 100 patients are summarized in [Table 1](#T1){ref-type="table"}.

Systematic resection was performed in 91 and tumor-free resection margin was obtained in 84. The tumor number was a single tumor in 94, two in 5, and three in 1. Satellite nodules were identified in 18. Glissonian capsule invasion was found in 21. Micro- and macrovascular invasions were found in 73 and 21, respectively. A wide range of tumor necrosis was observed in 85. Tumor differentiation was well-to-moderate in 80 and poor in 20.

Protocol TACI at 1 month after resection
----------------------------------------

All 100 patients underwent 1-month protocol TACI to detect and treat early intrahepatic metastasis. The TACI timing was determined to be 3 to 5 weeks after the surgery depending on the patient\'s condition. One-month intrahepatic metastasis was found in 45, in which single and multiple lesions were observed in 15 and 30, respectively ([Fig. 1](#F1){ref-type="fig"}). When metastatic lesions were observed, the TACI was converted to TACE for therapeutic purposes. Interestingly, one patient who had early multiple recurrences at 1 month did not reveal any evidence of further HCC recurrence during the next 22 months to date.

HCC recurrence and treatment
----------------------------

During the outpatient clinic follow-up, 83 of 100 patients showed HCC recurrence. The initial recurrence sites were the liver in 61, lung in 15, bone in 2, adrenal gland in 1, liver and lung in 2, and lung and brain in 1. Every available loco-regional treatment was performed on all of the recurrent patients, and Sorafenib was also administered in 44.

Patient survival and risk factor analysis
-----------------------------------------

The overall patient survival curves are depicted in [Fig. 2](#F2){ref-type="fig"}. Patient survival rates were 76% at 1 year, 38.5% at 3 years and 30.4% at 5 years.

Univariate analyses on patient survival revealed that hepatitis B virus infection (vs. non-hepatitis B, *p*=0.48), AFP ≥100 ng/ml (*p*=0.089, [Fig. 3](#F3){ref-type="fig"}), PIVKA-II ≥200 mAU/ml (*p*=0.19), tumor differentiation (well-to-moderate vs. poor, *p*=0.38), systematic resection (vs. non-systematic resection, *p*=0.41), R0 resection (vs. R1 resection, *p*=0.09), ALP ≥100 IU/L (*p*=0.31, [Fig. 4](#F4){ref-type="fig"}), intrahepatic metastasis on 1-month protocol TACI (*p*=0.002, [Fig. 5](#F5){ref-type="fig"}), microvascular invasion (*p*=0.06) and macrovascular invasion (*p*=0.09).

Mean ALP values according to intrahepatic metastasis on 1-month protocol TACI were 124.6±76.9 IU/L and 145.1±92.6 IU/L, which did not show a statistical difference (*p*=0.23).

DISCUSSION
==========

HCC size has been traditionally considered as one of the most important risk factors for HCC recurrence and patient survival, but other biological factors are also involved in HCC recurrence.[@B11] A huge size of the HCC per se implies that the lesion is advanced already, and there is a higher possibility of tumor spread, including the existence of satellite nodules or macrovascular invasion.[@B12] Such advanced tumors induce an increased risk of tumor recurrence after resection, and thus, the merits of hepatic resection are diminished in this situation.

Even after resection of large HCC, a majority of patients show tumor recurrence within the first year. Interestingly, in the 1-month TACI surveillance of this study, single intrahepatic metastasis was found in 15% and another 30% showed multiple intrahepatic metastases. Considering that only 3-5 weeks had passed after the surgery and the usual HCC tumor doubling time is not short,[@B13],[@B14] these HCC lesions appear to be evidence of the spread of the preexisting tumor before the resection. Accelerated liver regeneration followed by liver resection may contribute to the rapid growth of such metastatic lesions. Absence of such intrahepatic metastases must lead to improved patient outcomes. The actual prognostic benefit of the 1-month protocol TACI was not fully proven in this study, but it can be an important diagnostic and therapeutic modality before the appearance of visible intrahepatic metastases on imaging studies. Considering the high early recurrence rate after resection of large HCC, any preventive treatment modality appears to be necessary even after curative resection. However, to date, no standard treatment has been proven to be effective for wide usage.[@B15],[@B16] We think that it is reasonable to include the 1-month protocol TACI as one of the routine preventive measures.

For resection of large HCC ≥10 cm, the risk factors were widely variable depending on the patient groups.[@B1]-[@B10] Compared with even our previous study, we found that most risk factors lost their statistical significance in this study.[@B1] One Korean study reported that the statistically significant factors that predicted HCC recurrence after large HCC resection were ALP ≥80 IU/ml and intrahepatic metastases.[@B2] We investigated the significance of the ALP, but in vain. This validation study failed to prove the prognostic role of preoperative ALP.

In this study, most of the initial HCC recurrences were presented with intrahepatic recurrence, whereas some patients showed extrahepatic recurrence, especially at the lung. To treat intrahepatic recurrent HCC, TACE has been most commonly used after hepatectomy,[@B17] especially in patients with multifocal recurrence within the remnant liver. Percutaneous RFA is also an effective and safe method for treating recurrent HCC in the remnant liver.[@B18] Aggressive management with resection of isolated extrahepatic recurrence, especially solitary lung metastasis, was reported to offer long-term survival.[@B19]-[@B21]

In conclusion, in patients with large HCC ≥10 cm, the 1-month protocol TACI combined with hepatic resection may contribute to the early detection and timely treatment of potentially preexisting metastatic lesions.
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PIVKA-II, proteins induced by vitamin K absence or antagonist-II; S1, caudate lobe; PET, positron emission tomography
